Protease secreting microbe was isolated and characterized on the basis of their morphological, biochemical, physiological and 16S rDNA based molecular properties. The extracellular protease was quantified and characterized. Protease was used for different time (4, 8, 12 and 24 h) at different temperature (RT and 37°C) for optimization of the degumming process for raw silk fabric with enzyme dosage (0.2-1 unit/cm 2 of fabric). Post-enzymatic treatment, the fabric quality and texture was compared with conventionally treated as well as untreated fabric in terms of degumming loss, tensile strength and yarn count and colour fastness to light/water. The isolate SM1 (Bacillus thuringensis) was able to grow in Carbon Minimal Salt Medium (CMSM) with jaggery or tamarind as the carbon source (0.3% w/v). Energy Dispersive X-Ray Fluorescense (EDXRF) data showed intracellular accumulation of heavy metal by the isolate. Extracellular protease was able to degum silk fabric within 4 h at RT with enzyme concentration of 0.8unit/cm 2 and the maximum degumming loss was 21.72%. Post enzymatic degumming, a shiny texture was observed under Environmental Scanning Electron Microscope (ESEM) and the yarn volume also increased. Utilization of CMSM made the process cost effective during large scale application. Intracellular metal accumulation and growth in a wide range of temperature and pH made the isolate a potential candidate for bioremediation. Extracellular protease with significant degumming property could be used as an eco friendly approach as compared to the conventional chemical treatment.
INTRODUCTION
Larva of some insects and arachnids produce silk to fabricate structures such as cocoon, webs, nets and egg stalk. However, silk thread spun by the larva of silk worm, Bombyx mori is commercially important and has a great value in textile industry. Some of the properties like, fitness, strength, elasticity, dye ability, softness, flexibility, smooth feeling, lusture, elegance and grace make silk fiber valuable in textile industry (Trotman, 1970) . Silk fiber consists of the two fibrous proteins, fibroin and a gummed amorphous protein named sericin, which cements the fibroin fibers together. Fibroin and sericin proteins are present in about 75 and 25% of total weight respectively. Fibroin protein is a high molecular weight polypeptide (~ 350KDa), composed of glycine, alanine and serine in molecular ratio 3:2:1, with a six residue repetition of -(Gly-Ser-Gly-Ala-Gly-Ala)n (Zhou et al., 2000) . Three types of silk fiber conformations are found in nature: a helical conformation, an antiparallel β-sheet and a random coil without definite order. The most commonly found structure is antiparallel β-sheet (Zhang et al., 2002) , where Gly side chains are extended from one surface and it's Ser and Ala side chains are extending from the other surface. Silk fibroin also has a region where bulk residues such as Tyr, Val, Arg and Asp are present.
Degumming is a process where sericin is totally removed from the fibroin wall to obtain shine, smoothness and other properties (Freddi et al., 2003) . A series of steps are involved in the silk processing: reeling, weaving, degumming, dyeing/printing and finishing. After degumming, the silk fiber becomes shinny and its elasticity improves. The post degumming condition of silk fiber, such as handling, lusture and rubbing behavior is greatly dependant on the quantity of sericin remaining on the silk fibroin. In conventional process silk fiber is boiled in an aqueous solution containing soap, alkali, synthetic detergent and organic acids (Bianchi and Colonna, 1992; Freddi et al., 1996) . Nowadays in batch degumming process soap is replaced with synthetic detergent to compensate the acidity of sericin hydrolysis. During conventional silk degumming process associated hydrolytic degradation of fiber leads to change in physical properties such as dull appearance, surface fibrillation and tensile strength (Freddi et al., 2003) .
Enzymatic treatment of silk fiber as an alternative of conventional process is now in focus. Alkaline proteases perform better than other proteases (acid and neutral) with respect to uniform sericin removal and improvement of silk quality. In comparison with conventional process there are certain drawbacks which are found in enzymatically degummed silk fiber quality: higher shear and bending rigidity, lower fullness and softness to handle, remnant of the sericin at cross over points between wrap and weft (Chopra et al., 1996) . Inspite of lower performance and higher cost of enzyme compared to chemical, enzymatic treatment attract the attention of scientists and technologists for the ecofriendly aspect of the process (Duran and Duran, 2000; Gubitz and Cavaco-Paulo, 2001). Enzymatic degumming process would save the resources in terms of water, energy, chemicals and reduce the cost of effluent treatment.
The present study focuses on the application of marine microbial protease in degumming of raw silk fabric. The aim of the study was: (i) Isolation of an industrially important protease producing strain and its characterization, (ii) Characterization of the extracellular protease, (iii) Studying the degumming kinetics and (iv) Developing an enzyme based degumming process which can compete with conventional treatment in terms of post treatment quality of fabric. Here the quality of silk fabric is reported by degumming loss calculation, tensile strength, colour fastness to light and water, yarn count and Scanning Electron Microscopic (SEM) analysis.
MATERIALS AND METHODS

Sample Collection and Isolation of Extracellular Protease Producing Pure Isolate
Water sample was collected from coastal region of Mandarmani (21° 37.012'N/87° 29.881'E), West Bengal, India and 50 µL of water was spread on milk media (Adarsh et al., 2007) plate to isolate protease secreting strain. The protease producing strain was subsequently purified by repeated streaking. Later the culture was maintained in Luria Bertenni broth (LB) at 37°C with shaking at 150 rpm. It was stored at -80°C as 50% glycerol stock for long term and on LB agar plate for short term.
Characterization of Isolate
Morphological structures and Gram characteristics were confirmed using light microscopy (1000X magnification on a Zeiss Axiostar Plus microscope) as well as Environmental scanning electron microscopy (FEI QUANTA 200 MARK 2 at 15 kV ) (Adarsh et al., 2007) . Gram character was reconfirmed by Real time PCR analysis (Shigemura et al., 2005) . Detailed biochemical (DNase, oxidase, lipase, lecithinase, catalase and amylase) and physiological (optimum pH and temperature for bacterial growth, growth kinetics, utilization of different substrates as carbon source, antibiotic sensitivity and metal tolerance ability) characterizations were done following the protocol of Roy et al., 2008) .
DNA extracted from the isolate by modified alkali lysis method was amplified using the following primer: Forward primer -5' AGA GTT TGA TCA TGG CTC 3' and Reverse primer-5' CTA GCG ATT CCG ACT TCA 3' (RayChaudhuri and . The 50 µL reaction mixture was prepared [Template-30 ng, 0.25 µL (from 50pmole/µL stock) of each of forward and reverse primer, PCR Ready Mix (Sigma)-12.5 µL and triple distilled sterile water to make up the volume to 25 µL] and was subjected to 40 cycles according to the program-Initial denaturation 92°C-2 min then 40 cycles of 92°C -1 min; 50°C-1 min; 72°C-2 min and final hold at 4°C. 16SrDNA PCR product of isolate SM1 was sequenced using Applied Biosystems (ABI) partial sequencing kit and the sequences were subjected to BLAST analysis followed by GenBank submission and phylogenetic tree construction using neighbour joining method.
Determination of Enzyme Activity
Using Azocasein as a substrate, effect of temperature and pH on the activity of extracellular protease of the isolate was determined by the method mentioned by (Malathu et al., 2008) . One unit of activity was defined as the amount of enzyme required to produce an increase of 0.1 absorbance (OD at 440 nm).
Extracellular cell free supernatant was incubated within the range of 4-60°C for 12 h and enzyme assay was measured using Azocasein method.
For observing the effect of pH, extracellular cell free supernatant was taken and the pH was adjusted with 6N HCl and 4N NaOH within the range of 2-12 and protease activity was measured by Azocasein method at 440 nm.
Optimization of Silk Fabric Degumming Conditions
Raw silk fabrics were incubated for different time intervals (4, 8, 12 and 24 h) at RT as well as 37°C to observe the degumming loss with enzyme in material-toliquor ratio 1:200. Inactivation of enzyme was carried out in hot water bath followed by cold water and the sample was air dried. After that, raw silk fabrics were incubated with different enzyme dosage (0.2-1 unit/cm 2 of fabric) for 4 h at RT (optimum condition). Optimum pH and temperature for the enzyme function was maintained throughout the tests. All degumming tests were performed in triplicate.
Comparative Study of Silk Degumming
Raw silk fabric was incubated with enzyme at optimum condition of silk degumming (in terms of time, temperature and enzyme concentration) in material-toliquor ratio of 1: 200. In case of control sample LB was used instead of enzyme and incubated under same condition. In case of alkaline bath wash, silk fabric was treated with 10 g L −1 soap and 2 g L −1 sodium carbonate in a liquor ratio (1:30) at 90-95°C for 45 min. All of the degummed (enzymatic treatment, control and alkali wash) silks were then washed with hot water followed by cold water and air dried. Weight of the cloths were taken pre and post incubation and weight loss due to degumming was calculated (Nakpathom et al., 2009 
RESULTS
Isolation and Characterization of Isolate
Depending on the casein degrading ability on the milk media plate, SM1, a protease producing strain was isolated from Mandarmani coastal region, with 99.86% identity with Bacillus thuringensis [FJ377720] at the molecular level (16SrDNA sequence). SM1 was a spore forming, Gram positive diplobacilli. Upon environmental scanning electron microscopy, a connected pattern was observed between two and more cells, which may be due to presence of pilli. SM1 did not possess capsule or flagella. The biochemical characterization of the isolate revealed it to be catalase, oxidase and DNase positive with no growth on lecithinase medium (Hichrome Aureus media). It was able to degrade starch, but did not produce lipase. Thus two industrially important enzymes like protease and amylase were found in SM1.
The pH and temperature profile for the isolate indicated that it was able to grow within a wide range of temperature (20-40°C) and pH (6) (7) (8) (9) (10) (11) (12) with the optimum growth at 37°C and pH of 7. Under optimum condition of growth SM1 showed an efficient growth with a lag phase of 2 h, followed by extended logarithmic phase of 8 h and stationary phase. Variation in growth in presence of different substrates was observed, with maximum growth in LB followed by Tamarind and Jaggery (0.3% w/v as carbon source in carbon minimal salt media).
Isolate was resistant to following antibiotics ampicillin, cloxacillin, ceftazidime, metronidazole, polymyxin B, rifampicin and trimethoprin and sensitive to tetracycline, doxycycline hydrochloride, gentamicin, norfloxacin and ciprofloxacin.
Isolate was able to grow in presence of a wide range of metal salts, indicating its tolerance to different metals. SM1 was also able to accumulate five common environmental contaminants, among which it showed highest accumulation in case of Pb (11268.28ppb), followed by Cr (18.33ppb), Ni (9.53ppb), Cu (3.23ppb) and Co (1.95ppb) as evident from the Energy Dispersive X Ray Fluorescence (EDXRF) analysis. The rating scale of colour fastness to light and water is from 1 (poor) to 5 (excellent) (a) (b) Fig. 1 . Representing the degumming kinetics: effect of enzyme dosage and time, a. the maximum (21.72%) percentage of degumming loss was observed within 4 h at RT, when raw silks fabrics were incubated for different time intervals (4, 8, 12 and 24 h) at RT as well as 37°C to observe the degumming loss with enzyme in material-to-liquor ratio 1:200. b. revealed that when silk fabric was incubated at RT for 4 h with different enzyme dosage (0.2-1 unit/gm of fabric), it was found that at dosage of 0.8 units/gm of fabric, degumming loss (%) was maximum.
-----------------------------------------------------------------------------
Determination of Enzyme Activity
The extracellular protease was stable at wide range of temperature (4-60°C) and pH (4-9) with optimum performance at 40°C and pH 7.
Silk Degumming 3.3.1. Study of Degumming Kinetics: Effect of Enzyme Dosage and Time
Degumming loss at different incubation periods clearly indicated the optimum incubation time to be within 4 h (Fig. 1a). Figure 1b reflected 0.8unit/cm 2 of enzyme to be optimum for degumming. The bar height corresponded to the degumming loss.
Degumming loss of silk fiber with alkali soap wash and enzymatic treatment was 28.0 and 21.72% respectively, whereas the degumming loss by LB was negligible 4.2%. The efficiency of protease secreted from SM1, in degumming of raw silk was quite satisfactory; it helped to remove the sericin from the raw silk fiber, which was also observed during SEM analysis. SEM analysis revealed that sericin was removed from the fabrics which were treated both conventionally as well as enzymatically (Fig. 2) . The gum material stuck on fabric (as observed in untreated sample) was found to be removed in treated fabric and thus it leading to shiny appearance. The yarn also became loose with associated volume increase ( Fig. 2 . Representing the scanning electron micrograph image of (a) untreated; (b) treated with LB only; (C) treated through conventional method and (d) enzymatic treated raw silk fabric. It was observed that volume of raw silk fiber was increased by enzymatic treatment rather than untreated sample. This is due to removal of sericin by the enzyme and the texture become shiny
DISCUSSION
The characterization of the isolate reveals its Gram characteristics and ability to survive under stressful environment like marine coastal saline water. The presence of enzymes like catalase and oxidase also help them to survive in adverse condition. Amylases especially alkaline amylases are used in detergent industry and also have use in food and beverages (baking), brewing, starch and alcohol industries. As amylase degrades starch into amylose and amylopectin, it is also used as digestive aid. Utilization of Tamarind and Jaggery as the carbon sources (0.3% w/v as carbon source in carbon minimal salt media) for microbial growth makes the process economical at large scale. The extent of accumulation of heavy metal makes the isolate a potent bioremedial candidate to remove the toxic metal from the contaminated environmental site. Ability of the isolate to grow in a wide range of temperature and pH makes it suitable for various industrial and bioremedial applications.
Silk fiber contains 30% Sericin. In terms of measurement of degumming loss, conventional method almost reached the target level of sericin removal, whereas the enzymatic treatment was far beneath the target level. This may be due to the temperature in which degumming is performed; sericin needs a higher temperature for removal from the fiber stick. The mechanical agitation could also help in improving the degumming quality which was absent during lab scale enzymatic treatment. Degumming loss was negligible (4.2%) in absence of enzyme, though it is well known that water alone can remove sericin at higher temperature (110-120°C) under high pressure.
The change in volume (increase/shrinkage) of warp and weft is known as take-up, which depends on the fabric texture and treatment. Warp and weft counts depend on the fabric condition. When the fabric was observed under SEM, the yarn width was found to increase after enzymatic treatment, whereas after conventional treatment the width of yarn was found to shrink (decreased in width). This may be due to the higher twist, which was also reconfirmed by the value of yarn count. Tensile strength remained same after enzymatic treatment of silk in comparison with untreated sample, but it decreased for chemical treatment. Using harsh chemicals may be the cause of deterioration of silk quality, which was reflected as shrinking of the weft and tensile strength. There was no difference in colour fastness to water for four processes, whereas the quality of silk after enzymatic treatment decreased in colour fastness to light (data not shown). Use of mild alkali in lower amount with enzyme might improve the quality of colour fastness to light. Inspite of all these points, the ability of this protease for degumming is unquestionable, it could be an environment friendly approach as compared to the use of surfactants for this purpose.
CONCLUSION
The isolate SM1 (Bacillus thuringensis) isolated from Mandarnmani coastal region in West Bengal, India could be used as a potent bioremedial candidate for its intracellular metal accumulating property (Chowdhury et al., 2011) The extracellular protease of the isolate was able to perform degumming of raw silk fabric in significant amount. After the enzymatic treatment, texture of the fabric became shiny and the volume of the yarn increased. The other properties of the fabric like tensile strength, yarn count, colour fastness to water either improved or remained unchanged after the enzymatic treatment in comparison with untreated sample, except for colour fastness to light. With some minor modification in the process, like introduction of mechanical agitation or use of mild alkali, the enzymatic treatment procedure could be improved.
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MATERIALS AND METHODS
Site of Isolation
Water samples were collected from the coastal regions of Digha and Mandarmani in West Bengal and Vizag in Andhra Pradesh, India to screen for extracellular protease producing microbes. The collection was done in plastic containers and transferred to laboratory at room temperature and the process of isolation was initiated immediately.
Cultivation Medium and Growth Conditions
Since the objective was to isolate extracellular protease secreting bacteria, milk medium plates were used as selective media (Adarsh et al., 2007) . 50 µL of water sample collected from the different sites were directly spread on the milk media plates and incubated at 37°C for overnight. Repeated streaking on LB agar was adapted for isolation of pure culture. The maintenance and characterization of the pure isolates was carried out in LB medium whereas the substrate profile was carried out using substrate strips (Himedia Carbohydrate kit, Code No. KB009) as per manufacturers protocol as well as in carbon minimal salt medium using different substrates.
Unless mentioned specifically, the general culture condition was maintained at 37°C with shaking at 150 rpm.
Morphological Characterization
The initial identification of the pure isolates was on the basis of their morphology using light microscopy (1000X magnification on a Zeiss Axiostar Plus microscope) as well as 
Biochemical Characterization
The isolates were checked for their ability to produce enzymes like DNase, oxidase, lipase, lecithinase, catalase and amylase. The tests for the first five enzymes were done according to the protocol. The amylase test was done on 3% starch agar plate and incubated at 37°C for overnight followed by addition of iodine solution to the plate.
Physiological Characterization
The optimum pH and temperature for bacterial growth, growth kinetics and utilization of different substrates as carbon sources was done according the protocol. The biofilm forming ability was checked following the protocol of O'Toole and Kolter (1998).
Antibiotic Assay
The response of the isolates towards 18 different antibiotics (HiMedia) was checked according to the procedure reported.
Heavy Metal Tolerance
The Minimum Inhibitory Concentration (MIC) for metal salts; AgNO 3 
Molecular Characterization
The DNA extracted from the pure isolates was used for PCR amplification of 16S rDNA gene (RayChaudhuri and Thakur, 2006). The PCR product was sequenced using ABI (Applied Biosystems) partial sequencing kit. The sequences were subjected to BLAST analysis. The novel sequences were submitted to GenBank and phylogenetic tree was constructed using neighbour joining method.
Continuous Production of Enzyme by Immobilization on Inert Matrix
Enzyme (amylase and protease) from isolate SV1 were used as additive along with other enzymes to detergent for cleaning efficiency enhancement 
Application of Crude Extracellular Protease
The extracellular protease from all isolates were checked for different applications; removal of metal from zero valent state, removal of silver impregnated in gelatin layer on exposed X-ray film and wash performance analysis.
Recovery of Precious Metal
Silver is impregnated within the gelatin layer of Xray film. The strain with gelatinase activity could be used for recovery of silver. To check the ability of the strains under the current study, 1×1 cm 2 exposed X-ray films were incubated with 0.2 units of enzyme for 48 h at room temperature. Proteinase K (0.2 units) was considered as the standard protease under the same conditions whereas distilled water was taken as the negative control.
Considering the heavy metal accumulating ability of SM2, the impact of the strain on metal strips (zero valent state) of silver (Ag) and gold (Au) was tested. 1% inoculum of overnight grown SM2 was added to 3 mL of LB in tubes and incubated at 37°C at 150 rpm for overnight. Next Day, the silver (0.7×0.8 mm 2 ) and the gold strip (0.9×0.8 mm 2 ) were dipped into two different sets of SM2 culture and 1ml of 1X LB was added to the respective tubes. To sustain their growth, 1ml of 1X LB medium was replaced every 12 h retaining the cells in each tube. This condition was maintained for 2 months. 10 9 cells from each condition were harvested, washed with 0.1N HCl thrice followed by Phosphate Buffered Saline (PBS) thrice and finally resuspended in PBS. A second set of gold and silver strip treated cells was prepared by washing with only PBS. Both of these sets were analyzed using EDXRF. The strips were taken out from the respective tubes. The treated and control strips (untreated) were then washed with distilled water, incubated in 1 mL bleach for 15mins and again washed with distilled water thrice before drying. The surface of the strips was observed by SEM (FEI QUANTA 200 MARK 2 at 15 kV) analysis.
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Wash Performance Analysis
Wash performance analysis was performed using extracellular protease from individual isolates as per the protocol of Malathu et al. (2008) . Among the six isolates, extracellular protease from isolate SM2 showed better cleaning efficiency (data not shown). To optimize the enzyme formulation for cleaning efficiency enhancement, two combinations were worked out. 3 mL cell free supernatant (SD2/SD4) as lipase sources was added to 6U protease from SM2 per gram of detergent. Wash performance for these two combinations were tested for stained cloths post washing and drying using densitometric scanning [Molecular analyst (BIORAD)] and the efficiency was expressed as percentage of stain removed.
Market Survey
As per the densitometric scanning data, the combination of SM2+SD2 was further selected for market survey. Cell free supernatant containing extracellular protease and lipase were concentrated by lyophilization. Each gram of detergent was mixed with 6U protease as well as 2.25U lipase and air dried. The detergent with and without additive were then supplied to 50 different household to get a feedback on the wash performance efficiency as per the supplied questionnaire.
RESULTS AND DISCUSSION
Isolation of Bacterial Strains
Five isolates were obtained with clearing zone around the colony due to casein degradation. Four were isolated from West Bengal marine coast. SM2 was isolated from water of Mandarmani coastal region whereas SD2, SD3 and SD4 were isolated from Digha coast. SV1 was isolated from Rishikonda coastal water (Vizag) in Vishakhapatnam andhra Pradesh, India. SD1, non-casein degrading strain was isolated from Digha coast.
Characterization of the Isolates
SM2 was diplobacilli; SD1, SD2 and SD4 were bacilli while SD3 and SV1 were bacilli in chain. The Gram nature was also reconfirmed by the Real time PCR based detection method. Except SD1 all other isolates were gram positive while only SD1 showed presence of capsule. One of the important facts observed was the presence of endospores in all the isolates; this finding can be correlated with their survivability in the extreme condition of a marine environment. They all were negative for acid fast staining. They were all catalase and oxidase positive ( Table 1) . These two enzymes were reported to have important functions in defence system of an organism, supporting the survivability under adverse conditions. The presence of enzymes like DNase could be important in host prey interaction thus defending the organism. Presence of enzymes like amylase, lipase and protease ( Table 1) would be important from the point of application in detergent, leather, pharmaceutical and many other industries. The biochemical characteristics of the isolates were listed in Table 1 . To check its protease producing status azocaesin assay was performed using cell free supernatant from each isolate. The result showed extracellular protease activity in case of each isolate in the following descending order of production: SD1 (10.23+0.381 U), SM2 (3.425+0.106 U), SD2 (3.275+0.318 U), SD4 (2.8+0.283 U), SD3 (2.4+0.141 U), SV1 (2.325+0.247 U). This clearly indicated that the method used for analyzing protease at the qualitative level was insensitive for the enzyme produced by isolate SD1. The method of plate clearing reveals only caesinase activity. Any other protease activity would go unnoticed using this method. Scanning Electron microscopy revealed pilli like structure between two or more cells for quite a few isolates ( Fig. 1a-f ). This structure allows the stacking pattern of cells which are reported in many groups of bacteria (Sattley et al., 2008) .
The pH profile for isolates indicated that all the isolates except SD1 could tolerate pH variation in the range of 6-12. Isolate SD1 was found to grow in a wider range of pH from 4-12. The optimum pH was at 7 for isolate SM2 and SD1; 7.5 for SD3 and SV1 and 8.5 for SD2 and SD4. Similar condition was observed for the temperature adaptation; the isolates were found to grow in a range between 20-40°C. The optimum temperature was 30°C for isolate SM2 and SD3; 37°C for SD1, SD2 as well as SV1 and 40°C for SD4. This adaptation was an indication for their survival under different environmental conditions and thus their implementation in various aplications.
Variation in growth in the presence of different substrates were observed. Maximum growth was observed in LB followed by Tamarind and Jaggery. The later two were used as cheaper sources compared to conventional media for large scale growth thus making the process cost effective during large scale applications. They were able to utilize different carbohydrates for their growth ( Table 1) .
All of the strains showed good biofilm forming ability from the initial day, except for SM2, SD4 and SD1. The biofilm forming ability of SD1, SM2 and SD4 were observed from 2nd, 4th and 5th day onwards respectively (Fig. 2 ) using standard crystal violet staining method followed by optical density measurement at 620nm. The biofilm forming ability would help in their usage in packed bed bioreactors for bioremedial as well as enzyme production purposes. 
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Growth Profile
The growth profile determined in enriched medium (LB) indicated that among all the isolates, SM2 and SD1 exhibited more rapid growth with extended logarithmic phase (8 h) in comparison to others (Fig. 3) . The remaining four isolates showed a similar growth pattern with about 5 h of logarithmic phase.
Antibiotic Sensitivity
The complete profile for sensitivity towards different antibiotics would further help in characterizing the isolates and designating them as distinctly different from one another. Since the future objective of this study would be to use these isolates for bioremedial purpose, it might result in a situation where the released microbes from the bioremediation plant cause adverse health effects among the workers there. The knowledge of antibiotic sensitivity would be important in this context. Table 1 indicates the different responses of the six isolates towards various antibiotics. For some antibiotics like tetracycline, ceftazidime, doxycycline, metronidazole, gentamycin and norfloxacine, the isolates exhibited similar responses which could be due to their common site of origin.
Heavy Metal Tolerance
All the isolates were found to tolerate a wide range of metal salts namely Al, Ni, Pb, Fe, Zn. Among all isolates, SD1 was found to show maximum tolerance towards the above mentioned metals. An important finding was its Minimum Inhibitory Concentration (MIC) of about 14mM for CoCl 2 .6H 2 O, 11mM for FeSO 4 .7H 2 O and 14 mM for NiCl 2 .6H 2 O. All isolates being tolerant to a number of metals, the next step was to find the fate of these metals within the cell. Since the main objective was to apply the isolates for remediation, the primary objective was to investigate their metal accumulating property. For five of the metals viz. Cr, Cu, Co, Ni and Pb, the intracellular accumulation was checked using EDXRF analysis for the six isolates. Here the untreated (normal) cells were taken as negative control in order to assess the intracellular accumulation ( Table 2 ). It was observed that intracellular accumulation of lead was highest in all the isolates as compared to other metals. Copper and chromium were also accumulated in significant amounts in some of the isolates, whereas accumulation of cobalt and nickel was considerably less. . 1% inoculum was transferred to sterile LB broth from confluent overnight grown pure culture. At 0 h of incubation (immediately after adding the inoculum) the O.D was observed to be 0. Then it was incubated under 150 rpm shaking condition at 37°C. At regular intervals of 1 h, the growth was checked by measuring the Optical Density at 660 nm (Beckman UV-Vis spectrophotometer). SD1 and SM2 showed similar patterns of growth with stationary phase onset at the 11th h of growth for the first isolate and at the 13th h for the second. SD2, SD3, SD4 and SV1 show similar growth patterns up to the 7th h of growth with stationary phase at the 8th h for isolates SD3 and SD4 and at 10th h for SV1 and SD2. This variation under optimum growth condition for the isolates points towards their varied identity at the molecular level 
Molecular Characterization
The partial 16S rDNA sequence analysis was done to reveal the molecular identity of the isolates. The phylogenetic trees were constructed using neighbour joining method. The partial 16S rDNA sequence could only provide the identification at the genus level. Thus all the sequences being novel were submitted to GenBank, the accession numbers were FJ377718, FJ377719, FJ377721 to FJ377724 for SD2, SM2, SD1, SD3, SV1 and SD4 respectively ( Table 1) .
Continuous Production of Enzyme by Immobilized Cells on Inert Matrix
Protease and amylase productions were compared under different conditions of incubation at regular interval of 1 h for a total span of 12 h. It was found that protease production was maximum from immobilized sheet, whereas the amylase production was maximum in shake flask culture ( Fig. 4a and b) . The bioreactors were recharged every 12 h and the protease production on sheet (Fig. 4c) reached the highest value after 3rd recharging maintained it till 8th recharging where after is was reduced to half (9th recharging) and maintained as such till the 20th recharge. But on immobilized hay protease production was maximum during 10th recharge and thereafter it slowly decreased till it reduced to half on the 17th recharge. On immobilized sheet and hay the amylase production ( Fig. 4d) reached highest value on 9th and 5th recharging respectively.
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Application of Protease 3.9. Recovery of Precious Metal
The effects of these proteases on exposed X-ray films were also checked after 48 h of incubation where except SD1 all other isolates exhibited complete removal of the gelatin layer (data not shown). This action has already been reported for proteases from different bacterial sources (Gupta et al., 2002) . Silver impingement within the gelatin layer comes out with decomposed material which could be recovered further through different chemical methods.
The cells from culture containing metal strips that were washed only with PBS showed total accumulation (intracellular as well as adsorbed on the surface) whereas the other samples washed with 0.1N HCl followed by PBS only showed intracellular accumulation. The cell grown normally (i.e., in absence of metal strip) was also analyzed using EDXRF. EDXRF analysis results showed a qualitative difference in count for silver and gold accumulation within the bacterial cells. The actual metal accumulation within the cell was obtained by subtracting the accumulation of the metal within equal weight of untreated cell from that within treated cells. The cell grown in presence of gold and silver strip only showed silver accumulation. Total accumulation (after only PBS wash) of silver within cells grown in presence of gold and silver strips respectively were 874 and 2232 folds where as the same for intracellular accumulations were 320 and 572 respectively. Thus there was substantial adsorption of metal on the cell surface. But surprisingly in both cases only silver accumulation was visualized. There could be for two reasons, one that SM2 was not able to accumulate gold and second that the gold strip that was incubated was containing mostly silver. So it can be concluded that this strain could be used for testing of silver impurity in alloys.
SEM analysis also revealed the surface structure difference between treated and untreated gold and silver strips. The untreated strip surfaces were rough and uneven whereas the surface morphology of the treated samples were smooth. This would be due to leaching of silver from the metal surface of the strips by the isolated strain (Fig. 5) . The detection of impurities by help of bacteria is environment friendly, but the drawback of this process is that it is much slower than other conventional processes. Scanning electron micrographic images of metal strips. Considering the heavy metal accumulating ability of SM2, the metal strips (zero valent state) of silver (Ag) and gold (Au) were dipped into two different set of SM2 culture and 1ml of 1X LB was added into respective tubes. To sustain their growth 1ml of 1X LB medium was replaced every 12 hours retaining the cells in each tube. This condition was maintained for 2 months. The strips were taken out, washed with distilled water, incubated in 1ml bleach for 15mins and again washed with distilled water thrice before drying. The surface of the strips was observed under SEM (FEI QUANTA 200 MARK 2 at 15 kV). (a and c) depicted a rough surface of untreated gold and silver strip. When it was treated with protease producing metal accumulating bacteria, the surface became smooth for both gold (b) and silver (d) strips 
Wash Performance Analysis
The microbial enzyme formulation using SM2 and SD2 showed better cleaning efficiency. The combined effect of protease and lipase as additive with detergent showed better result than detergent without additive. The enhanced efficiency was backed up by the market survey data.
The analysis report revealed acceptance in most of the household for various cleaning purposes ( Fig. 6) with maximum acceptance for washing steel utensil (95.74%) followed by glassware (94.59%), washing floors (92.86%) and WC (93.33-91.67%) as well as kitchen cleaning (88.24%). In most cases the modified detergent was needed in same if not less quantity as compared to the control detergent. This analysis indicated that the modified detergent would be industrially appreciated in large scale.
CONCLUSION
The complete characterization of the novel isolates revealed their pH and temperature tolerance, antibiotic and heavy metal response. The heavy metal accumulation by the isolates gives rise to the possibility of applying them in remediation of toxic metals. Either the single isolates or their mixed consortia can be applied for bioremediation. The protease secreting property definitely provides an additional advantage for using them as sources of commercial enzymes. The efficiency of proteases as an additive to detergent and X-ray film clearance could also be commercially exploited. Thus the biodiversity screening revealed the existence of biotechnologically important microbes from the coastal regions of India.
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INTRODUCTION
Nitrate and Phosphate are recognized as the major nutrients which are required by living organisms for their physiological processes. They are most commonly added as fertilizer to enhance the quality of soil. However they have emerged as most abundant pollutants in the world due to their excess usage. The traditional agricultural practices like dry farming with marginal irrigation, flood plain farming and random application of fertilizers are considered as diffused sources of nitrate and phosphate in soil and aquifers. Besides this, the irregular rainfall during different seasons and the stream flow pattern causes seepage of these contaminants from soil to surface and ground water (Whitmore et Kinoshita et al., 2003) .
Increased levels of nitrate up to 400 ppm have been detected in groundwater (Filintas et al., 2008) . Possible sources of nitrate pollution include manure, agricultural fertilizer, industrial effluent, domestic wastewater, septic systems, human waste lagoons, animal feedlots and native soil organic matter, as well as geologic sources (Jin et al., 2004) Other point sources of nitrate are municipal sewage canals, septic tanks, sewage dumping grounds (Wakida and Lerner, 2005; . The mining tailings, industrial effluent from nuclear reactors, radioactive waste processing units mainly those dealing with compounds like plutonium or thorium nitrate (Singleton et al., 2005) . Nitrate contamination is a global problem and stands as second most dangerous pollutant after the pesticides. High concentration of nitrate in drinking water is a threat especially to infants, causing methemoglobinemia, also called "blue baby syndrome. The carcinogenic effect of nitrate is also reported. Concentration higher than 10ppm in drinking water may also cause stomach cancer in infants (Jin et al., 2004) . EPA has demarcated the maximum contaminant level to be 10 ppm for NO 3 -N and 45 ppm for NO 3 concentration. A similar guideline of 50 ppm as NO 3 has been set by the WHO and the European Community (EC). Several conventional technologies adopted for nitrate removal are ion exchange resins, electro dialysis, reverse osmosis and distillation which substantially increase the cost of operation. Therefore the cost-effective alternative lies in the biological denitrification process (Pinar et al., 1997; Eckford and Fedorak, 2002) .
The addition of phosphorus as phosphate fertilizers in soil in excessive amount causes serious environmental problems in the form of eutrophication which uses up large amounts of oxygen. The main sources of phosphate in aquatic environment is through household sewage water containing detergents and cleaning preparations, agricultural effluents containing fertilizers as well as industrial effluent from fertilizer, detergent and soap industries (Pradyot, 1997) . Phosphate is generally present as polyphosphate and orthophosphate. The concentration of phosphate in water bodies vary from 0.005-10 ppm depending on the source of phosphate near the water body. On one hand digestive problems occur from extremely high levels of phosphate, on the other, phosphate levels greater than 1.0 may interfere with coagulation in water treatment plants. The EPA has fixed standard phosphate levels as 0.015 ppm for water supply, 0.025 ppm for aquatic life, 0.05 ppm for lakes and 0.02 ppm for mountain lakes (Kotoski, 1997) . Microbial strategies are currently being used for the removal of excess phosphate load in waste water since it is an attractive alternative to chemical processing (Krishnaswamy et al., 2009) .
The objective of the present study is to isolate efficient nitrate and phosphate reducing microbes from different environmental water bodies. Further characterization of these isolates would lead to the development of an array of novel organisms which can reduce nitrate and phosphate load in water bodies of various environmental sites leading to bioremediation.
MATERIALS AND METHODS
Sampling: Water samples were collected from different environmental sites to screen for nitrate and phosphate removing organisms. The sites were selected on the basis of the pollutants received by them. Main focus was on sites, which according to pollutants received were expected to have high load of nitrate and phosphate but showed low concentrations of these. Presumably these are the sites which host the nitrate and phosphate removers. The list of sites has been given below Table 1 . Cultivation medium and growth conditions: Since one of the main objectives of our study is to isolate nitrate reducing microbes therefore the screening for microbes were done in high nitrate containing medium. The water samples of all the above mentioned sampling sites were serially diluted and plated on media containing 2000ppm of nitrate followed by overnight incubation at 37°C to isolate microbes which can survive in high nitrate concentration. Further selection was made on the basis of morphology. The cultures were re-streaked three or more times to obtain pure colonies. The isolates were also grown in Nitrate Broth (Himedia M439-500G) and maintained at 37°C in 150rpm shaking condition. The final selection of the pure isolates was on the basis of their nitrate removing efficiency from the liquid culture.
Morphological characterization:
The initial morphology of the isolates were determined by using light microscope (1000X magnification on a Zeiss Axiostar Plus microscope) following simple staining using 5% Crystal Violet. The Gram nature of the isolate was determined by differential staining as per standard procedure. Dimensions of the isolates were determined using Environmental scanning electron microscopy (FEI QUANTA 200 MARK 2 at 15 kV) as per the protocol.
Biochemical characterization:
The ability of the isolates to produce enzymes like DNase, oxidase, lipase, catalase and amylase was determined. The tests for the first five enzymes were done according to the protocol of the amylase test was done on 1% starch agar plate and incubated at 37°C for overnight followed by flooding of the plate with iodine solution. The substrate utilization profile of the isolates were checked as per manufacturer's protocol using substrate utilization kits (HiMedia KB009).
Antibiotic assay:
The response of the isolates towards 18 different antibiotics (HiMedia) were checked according to the procedure reported by Nitrate removal: The isolates were inoculated (2% inoculum) in Nitrate broth and incubated for 16 h at 37°C in a shaking incubator 150 rpm. The cell free supernatant was taken for estimation of nitrate removal after harvesting the culture at 8609×g for 10min. 200 µL of Salicyalic acid (5% Salicylic acid in H 2 SO 4 ) and 40 µL of cell free supernatant was added and vortexed. The tubes were incubated in dark for 10 min. The reaction was stopped by addition of 2 mL of 4N NaOH. Optical density of this solution was measured after 20 min at 420 nm. The O.D was then compared to the standard curve prepared with known concentrations of NaNO 3 (100-1000 ppm) to determine the concentration of Nitrate remaining in the medium (Cataldo et al., 1975 
Statistical analysis:
The objective of the study being isolation of efficient nitrate and phosphate removers, the ideal situation would be a single isolate performing both the functions. The relation between nitrate and phosphate removal was investigated by using the Correlation Co-efficient as a measure of the association between the two variables. The correlation co-efficient measures the strength of the linear relationship between the variables.
RESULTS
Environmental parameters:
The physical parameters assessed were pH, Suspended solids, Turbidity level of the water body, Temperature, Odour and Colour ( (Table 4) .
Cultivation medium and growth conditions:
The serial dilution of water samples from the above mentioned 30 sites on medium with 2000 ppm of nitrate gave 130 different colonies. Further selection was made on the basis of morphology since most of the nitrate reducers according to literature are bacilli therefore bacilli in long or short chain or isolated bacilli were selected. 19 such strains were then checked for their efficiency of nitrate removal from liquid culture. 7 bacilli were selected on the basis of nitrate removing efficiency for further characterization.
Morphological characterization:
Simple staining of the microbes showed different morphology of microbes. The Environmental Scanning Electron Micrographs of the isolates (Fig. 1) show that WBUNB004, WBUNB005 and WBUNB006 (from rhizosphere of water lily) are bacilli in chain whereas WBUNB008 (from paddy field), SM2 (from marine beach) and WBUNB009 (from raw sewage canal) are short isolated bacilli and WBUNB007 (from marine beach) is long bacilli.Gram staining showed that all the isolates were gram positive in nature.
Biochemical characterization:
The biochemical characterization of the strains is represented in Table 5 . All isolates except WBUNB007 produced oxidase and protease. Table 6 ).
The antibiotic susceptibility profile of the isolates were performed by using different antibiotic discs (Himedia). This study shows that the strains were resistant to antibiotics like Ceftazidime, Ampicillin, Methicillin, Rifampicin, Trimethoprim, Polymixin-B and Cefotaxime and sensitive to antibiotics like Chloramphenicol, Norfloxacin, Roxithromycin, Doxycycline hydrochloride, Gentamycin, Ciprofloxacin, Cefadroxil and Teicoplanin (Table 7) .
Nitrate removal: The nitrate removal from the medium is the primary step for the reduction of nitrate though after removal the bacteria may use the nitrate by assimilatory or dissimilatory pathway. The result is represented in the form of percentage of nitrate remaining in the medium after incubation with the isolate for 16 h at 37°C (Fig. 2) .
Phosphate removal:
The phosphate removal capacities of the isolates were checked in enriched medium in comparison with a type strain, Acinetobacter baumanii (MTCC 1425) known for phosphate removal obtained from MTCC. The result is represented in the form of percentage of phosphate remaining in the medium after incubation with the isolate for 16hrs in 37°C. The result indicates that all the isolates show better phosphate removal than Acinetobacter baumanii under the given set of conditions (Fig. 3) .
Statistical analysis:
The nitrate removal by the isolates were found to be within 77-88%, the average removal being 85.3%. The phosphate removal by the isolates were found to be within 43.8-82.9%, the average being 63.71% while that of the type strain under similar conditions showed 31.9% removal. The correlation study of nitrate and phosphate showed a negative moderate correlation of (-) 0.5584 which implies that an efficient nitrate remover is not necessarily an efficient phosphate remover.
DISCUSSION
In this study we report the isolation of 7 strains with potential for nitrate removal. They could be used for bioremediation of nitrate contaminated sites leading to environmental protection. Phosphate removers isolated during the study were found to be more efficient than the type strain (Acinetobacter baumanii) under identical conditions. Here we report 7 gram positive bacterial isolates which are highly efficient in phosphate removal. Since the mechanism of phosphate removal in bacteria leads to the intracellular accumulation of polyphosphate granules, these could be used as potential candidates for sequestration of phosphate from environmental sites.
CONCLUSION
The study is a successful attempt to isolate efficient nitrate and phosphate removing bacteria from various environmental sites for remediation of waste water by reducing the nitrate and phosphate load. In addition optimization of the waste water treatment parameters by these isolates in future could not only lead to environmental protection but also sequestration of essential plant growth nutrients from the waste which in turn could be re used. . Strong reducing agents like β-merceptoethanol and oxidants like bleach and hydrogen peroxide inactivate the enzyme. The enzyme retains 88% of its activity on being mixed with commercially available detergents while it is inactivated by non-ionic Triton X 100. Its efficiency as an additive with detergent in terms of cleaning stains like grease, burnt mobil, vegetable curry and blood was found to be satisfactory. It could enhance the quality of washing as additive in case of all the ten detergents that were tried. The protease alone was also capable of cleaning but the detergent additive mixture could work better. The enzyme was found to work efficiently on different colors as well as on fabric. On mixing with detergent it was found to retain activity up to 2 months and there after, there was a drop in efficiency of washing. The bacterial cells were immobilized in calcium alginate and the released enzyme was found to be equally effective. Market surveys were carried out and the satisfactory result prompted the use of another additive (extracellular lipase) obtained from yet another bacterial strain from East Calcutta Wetland. The lipase activity was confirmed through degradation of coconut oil analyzed by Gas Chromatography. Thus the combination was observed to be more successful as indicated through the market survey. These observations suggest the suitability of the protease and lipase combination as additive to commercially available detergents.
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INTRODUCTION
Currently enzymes have attracted the attention of the world over due to their wide range of industrial applications in many fields including organic synthesis, clinical analysis, pharmaceuticals, detergents, food production and fermentation. Enzymes are gradually replacing the use of harsh chemicals in various industrial processes. Since they work under moderate conditions, such as warm temperatures and neutral pH they reduce energy consumption by eliminating the need to maintain extreme environments, as required by many chemically catalyzed reactions. The reaction specificity of the enzymes lead to minimization of the production of by-products and thereby the application of enzymes offer minimal risk to the environment.
Approximately eighty percent of all industrial enzymes are hydrolytic in nature and are used for depolymerization of natural substances i.e. the breaking down of complex molecules into simpler ones. Of these enzymes, sixty percent are proteolytic enzymes used by the detergent, dairy and leather industries [1] . Enzymes have been known to be used for improving the cleaning efficiency of detergents and are now well accepted as ingredients in powder as well as liquid detergents and industrial/ institutional cleaning products. Detergent enzymes account for about 30% of the total worldwide enzyme production and represent one of the largest and most successful applications of modern industrial biotechnology [2] . The performance of enzymes in detergents depends on a number of factors, viz the detergent's composition, type of stains to be removed, wash temperature, washing procedure and wash-water hardness. Besides high temperature and alkalinity, the enzyme often must withstand the presence of detergent additives such as bleaching agents, bleach activators, surfactants, perfumes etc. Out of the vast pool of enzymes, proteases from micro organisms are the most widely exploited enzymes in detergent industries [3] . They can act as minor additives or can become key ingredients in detergents. These enzymes hydrolyze protein based stains in fabrics into soluble amino acids. Among the various proteases, bacterial proteases are the most significant, compared with animal and fungal proteases. Bacterial proteases are mostly extracellular, easily produced in large amount and are often thermostable and active at wider pH range. Alkaline proteases from various strains of Bacillus sp. have been reported [4] [5] [6] . There are quite a few patents of enzymatic detergent additive (European Patent EP0581839, United States Patent 4810414). Protease from Nocardiopsis sp. as well as Pseudomonas aeruginosa have also been reported to work as an additive to detergent [7] [8] [9] . One important factor to be considered during the selection of the enzyme is its stability and the shelf life of the enzymatic action. For industrial applications, the immobilization of enzyme on a solid support can offer additional advantages like repeated use of the enzyme, ease of product separation and improvement in stability [10] . To improve washing efficiency currently available detergents usually contain enzymes like amylase, cellulase and lipase. Amylase catalyzes the break down of starch based stains into smaller segments of oligosaccharides and dextrins which are water soluble. Lipase is used in detergent formulations to remove fat containing stains such as those resulting from frying fats, butter, salad oils etc. The enzyme hydrolyzes triglycerides into mono and diglycerides, glycerol and free fatty acids which are more soluble than fats. Lipases from different species of Pseudomonas and Acinetobacter have been reported to be used in detergent formulations [11] .
Keeping in view the diverse potential of the microbial enzymes, the present study was focused on the characterization and wash performance of detergent compatible protease and lipase from different bacterial isolates obtained from East Calcutta Wetland which is a biodiversity rich ecosystem of Calcutta. The location of this vast low lying area is such that the entire city's waste is drained into it. It in turn act as a sewage treatment plant [12] . The waste dumped into this system is further purified and recycled in activities like agriculture and pisciculture thereby generating products, economy and employment [13] [14] . The purification of the waste, mostly heavy metals, is found to be a combined effort of diverse groups of planktons, water hyacinth and microbes [15] [16] . Previous studies on microbial resource mapping of this area have revealed the existence of microbes belonging to 12 main bacterial phyla [17] . In that study, certain clones were found to be similar to Streptococcus macedonicus and Acinetobacter lowffi which are known to produce extracellular protease(s) and lipase(s) respectively. The growth conditions of these microbes were replicated in the laboratory to cultivate microbes from environmental samples of East Calcutta Wetland having potential of producing extracellular protease and lipase. Out of 21 isolates obtained, two were selected, one secreting protease and the other lipase with an aim to use the extracellular enzymes as additives to standard detergents.
MATERIALS AND METHODS
Microorganisms and culture conditions:
The two bacterial isolates, one protease and the other lipase producing were screened out from soil samples collected at two different sites of East Calcutta Wetland, namely Green Zone (oldest portion of solid dumping ground now converted into forest ecosystem) and Captain Bheri (shallow flat bottom waste water fed fishery) respectively.
Screening of protease secreting microbes was done on solid milk medium containing 10% double toned milk, 0.3% yeast extract and 1.5% agar. Carbon minimal salt medium (CMS) containing
water with 1.5% agar was used as the selective medium for isolation of lipase secreting bacteria. Luria Bertani (LB) broth containing tryptone 10 g L −1 , yeast extract
, NaCl 5 g L −1 in double distilled water was used for the maintenance of the isolates and their further characterization. The pure isolates were preserved at -80°C in culture medium containing 70% (v/v) glycerol. All batch cultivations were carried out at 37°C under shaking at 150 rpm.
Characterization of isolates:
The two pure isolates were characterized in terms of their morphological, biochemical and molecular nature. The detailed procedure followed for characterization was as reported by Nandy et al. [18] .
Enzyme assay Protease assay: Two different quantification procedures were applied. One was spectrophotometric assay using hide powder azure as substrate [19] . 0.5 mL of enzyme was added to 50 mg of hide powder azure in 1.5 mL of assay buffer constituting of 50mM Tris-HCl (pH-8) and 1 mM CaCl 2 . The reaction mixture was incubated at 28°C for 1 h. The supernatant was collected by centrifugation at 10,000 g for 10 min and absorbance was measured at 595 nm. One unit of activity was defined as the the amount of enzyme giving an increase of 1 absorbance unit/hour.
The second assay used azocasein as substrate. 0.003 gm of azocasein was incubated with 600 µL assay buffer (50 mM Tris-HCl (pH-7.5), 5mM CaCl 2 ) and 120 µL of sample at 60°C for 20 min. The reaction was terminated with addition of 480 µL of 15% w/v Trichloroacetic acid (TCA) and the reaction mixture was placed on ice for 10min Supernatant was collected by centrifugation at 12,000 g for 15 min. Ten microliter of 10 M NaOH was added with 900 µL of reaction mixture and absorbance was measured at 440 nm. One unit of activity was defined as the the amount of enzyme required to produce an increase of 0.1 absorbance (OD at 440 nm) [20] .
Lipase assay: The preliminary assay for lipase was done on Tributyrin agar medium. The procedure reported by Nandy et al. [18] was followed. The initial quantification was done according to the diameter of the clearance zone on the triglyceride plate. The activity of the extracellular enzyme was further confirmed by Gas Chromatography (GC) taking coconut oil as substrate. From an overnight grown culture, cells were separated by centrifugation at 10,000g for 10 min. To 5 mL of extracellular supernatant 1 mL of coconut oil was added and incubated for 4 h at 35°C with shaking at 150 rpm. Post incubation 2 mL of chloroform was added to the above enzyme substrate mixture for extraction of the free fatty acids. After proper shaking with chloroform, 1.5 mL of organic phase was taken, centrifuged at 10,000 g for 10 min to ensure proper separation of organic and aqueous phase. Finally 1 mL of organic phase was taken, concentrated and analyzed by GC (Perkin Elmer, autosystem excel).
Characterization of Protease:
The extracellular protease from one of the bacterial isolate (GZ) was characterized in its crude state. The effect of different physical and chemical factors on the activity of enzyme were checked.
Effect of pH on enzyme activity: Supernatant containing the secreted extracellular enzyme was harvested from overnight culture grown at 37°C by centrifugation at 10,000 g for 10 min. The pH of the supernatant was adjusted at various values (2.0-10.5) using HCl and NaOH. The mixture was preincubated for 12 h at 37°C before the hide powder azure assay was performed. To investigate the optimal pH, protease activity at each pH was assayed at 37°C using spectrophotometric method.
Effect of temperature on enzyme activity: The enzyme activity was measured in the range of 4-60°C using the standard activity assay (as mentioned above) at respective temperatures. Stability of the enzyme was investigated by measuring the residual activity through hide powder azure assay after incubating the crude enzyme solution at respective temperatures for 12 h. by preincubation with the extracellular supernatant containing the enzyme at 37°C for 30 min 15 µL of reaction mixture was assayed on milk medium plates by cup assay method. The plates were incubated at 37°C for overnight. The activity was measured according to the diameter of the clearing zone .
Effect of various agents on protease activity:
The effect of different agents like EDTA, β-mercaptoethanol, hydrogen peroxide, Triton X-100, bleach and detergent on the bacterial protease were investigated. 5 mM concentration of each of the above mentioned chemicals was added with extracellular supernatant, incubated at 37°C for 30 min followed by enzyme assay by cup assay method on milk medium. The activity was quantified according to the diameter of the clearing zone.
Effect of metal ions on protease activity:
Various metal ions at final concentration of 5 mM were added to the enzyme solution (extracellular supernatant. Metal salts used were Al(NO 3 ) 3 4 .H 2 O and CdCl. Relative protease activities were measured post incubation at 37°C for 30 min. The assay was done by cup assay method on milk media plates as described previously.
Compatibility of the protease as an additive to detergents: From an overnight culture in LB medium, cells were separated by centrifugation at 10,000 g for 10 min and the cell free supernatant was mixed with standard detergent at a proportion of 6 units of enzymes gm −1 of detergent. Four different sets were prepared each having the same concentration of enzyme:detergent i.e. 1.5 units of enzyme to 0.25 gms of detergent 6 mL −1 water. The four different conditions like just detergent and no enzyme additive, detergent with enzyme, only enzyme in water and a control of only water without any detergent or additive were tested for stain removal. Pieces of 1.5 by 1.5 inches cloth were stained with grease and dipped in above formulations followed by incubation for 1 h at room temperature. Post incubation each piece was rubbed using brush, rinsed with water and air dried. Densitometric scanning of the residual stain on the cloth was done using software Quantity 1 from BIORAD to check the efficiency of cleaning.
To check the compatibility of enzyme with different types of standard detergents it was mixed at the above mentioned ratio with the popular detergents of Indian market namely surf excel (Hindustan Lever Limited, Mumbai, India), Tide (Procter and Gamble, USA), Aerial (Procter and Gamble, USA), Sunlight (Unilever, South Africa), Nirma (Nirma Ltd., Ahmedabad, India), Sagar (AMOCHEM, Kolkata, India), Blue Bird (Local Make, Kolkata, India), Jet (Hindusthan Chemical Company, Kolkata, India), Soda (local make, Kolkata, India), Vim (Hindusthan Lever Limited, India). The wash performance of the enzyme acting as additive was checked by densitometric scanning of the stained cloths post washing and subsequent drying. Its efficiency on different stains were checked with grease, burnt mobile, food stain and blood. The wash performance was also checked out with different fabrics to look into its effect on the fabric quality and color. In order to check out the washing efficiency of the enzyme with time of incubation, the wash performance was checked at different time interval (10 min to 1 h at an interval of 10 min). For each of the above case the wash performance was checked according to same procedure mentioned above.
In order to check the effect of binding of an inert matrix to the enzyme to increase its stability and washing efficiency, the extracellular supernatant containing enzyme was absorbed onto chalk powder and wash performance was carried out. The ratio of enzyme to chalk powder was the same as that with detergent. The wash performance of the enzyme under this condition was checked in the similar manner as with the normal detergent mentioned earlier. All these tests were carried out with just protease added as enzyme. The wash performance with both lipase and protease added to the detergent were subsequently checked.
Shelf life of detergent:Shelf life of the enzyme was important from the point of retention of the activity of the enzyme. The stability of the enzyme mixed with a detergent was checked over a prolonged duration of time. The wash performance of the detergent along with the protease additive was conducted at different time intervals, 15 days followed by 2 months and finally 3 months.
Market survey:
The lab scale experiments were followed by large scale production of protease by fermentation in a 3 L Biotron fermenter. Fermentation conditions were maintained at 40% Dissolved oxygen content (DO), 150 rpm shaking at 37°C for 16 h The cell free supernatant obtained post centrifugation was added to a standard detergent at a concentration of 6 unit of protease g −1 of detergent. The mixture was placed in trays and air dried. The dried detergent mixture in the form of powder was filled in resealable plastic bags of 500 g each. Two market surveys with protease as additive had been conducted among the families of different socio economic background and different localities of Calcutta. During the 2 trials 34 and 37 families respectively were distributed two 500 gm pack of the detergent and were asked to use the same in place of their previous detergent and compare the performance of the supplied detergent. A questionarie was provided to each family to be filled up after using the detergent for one month. The filled up forms were collected and the results were expressed as pie chart.
In the third market survey, lipase from the second bacterial isolate was added along with protease to the detergent with an aim to enhance the washing efficiency. Lipase production was acheived under shake flask conditions at 37°C and overnight shaking at 150 rpm. The final ratio of lipase and protease in the detergent was maintained as 6 unit of protease gm −1 of detergent, 3 mL of crude supernatant containing extracellular lipase g −1 of detergent. The market survey had a sample size of 31 and 500 g of modified detergent was distributed to each and the rest of the analysis was the same.
Cell immobilization for continuous recycling of cells for enzyme production:
The washing efficiency of the enzyme as detergent additive was evident from lab scale findings as well as confirmed by market survey results. These findings guided for a application of immobilization technique which can give way to a cost efficient commercial exploitation. One percent inoculum was added to 3 mL of LB medium and incubated at 37°C for overnight with continuous shaking at 150 rpm. The cells were recovered by centrifugation at 10,000 g for 5 min and the cell pellet was washed with sterile Tris EDTA buffer (TE, pH 8.0). The immobilization of the cell was done as per the protocol reported by Kumar et al. [21] with certain modifications like 8% Na-alginate solution and 1M CaCl 2 was used. The beads were then transfered to 4 mL of fresh medium and incubated at 37°C for overnight both with continuous shaking (Set I) and under static condition (Set II). Each 24 h the same beads were transfered to fresh medium as innoculum. After transferring the beads the supernatant of the overnight culture was centrifuged and the cell free supernatant was added to the detergent. The efficiency of the enzyme was checked each time by observing the wash performance and monitoring the units of enzyme secreted through azocasein assay. The process was repeated until the beads were present for Set 1. The relative cleaning and enzyme production for Set I and Set II were compared.
RESULTS AND DISCUSSION
Characterization of the microbes: Two bacterial isolates namely GZ (as isolated from green zone at ECW)and BS (isolated from Bheri Soil) were selected for extracellular protease (Fig. 1) and lipase production respectively. Their detailed morphological and biochechemical nature is depicted in Table 1 . The isolate GZ is a novel one with 98.22% similarity with Microbacterium luteolum as depicted by the phylogenetic analysis carried out using neighbour joining method (Fig. 2) . The isolate BS is as yet uncharacerized at the molecular level.
Enzyme assay:
The protease assay at 37°C using milk media plate shows a radius of about 8 to 8.5 mm with 15 µL of supernatant while the hide powder azure test shows the supernatant to have an enzyme concentration of 0.38-0.4 U mL −1 on incubation for 1h.
The preliminary lipase assay was conducted with the cell free supernatant from overnight culture of isolate BS. The cup assay method on tributyrin plates gave a clearing zone of radius 7.5 mm. The lipase activity was confirmed through GC analysis of degradation product of coconut oil which was taken as substrate. The degradation pattern of the oil as found from GC analysis was compared with those for other isolates obtained from ECW (mainly Pseudomonas Group and Acinetobacter group) (Fig. 3) .
The profile for each isolate is indicated with different color. Microbes of two different types, namely Pseudomonas and Acinetobacter were studied and both show distinctly different extent of degradation of the substrate. The read color graph in the figure indicates the degraded products obtained by action of extracellular lipase from isolate BS. The light green, black and dark green graph depicts the pattern generated by Acinetobacter while pink, light blue and dark blue graphs are generated by Pseudomonas sp. from ECW.
Protease characterization: For a protease to work as a detergent additive it should be able to perform the function at alkaline pH. Thus the activity of the extracellular enzyme in supernatant was checked at different pH using hide powder azure assay. The protease was checked in pH range of 2 to 10.5 and was found to be active in the range of 4 to 10.5 ( Fig. 4a) with maximum activity at pH 7.5. It could retain 71% of its activity at pH 10.5 and thus could be used at alkaline pH as detergent additive.
The effect of temperature was checked similarly by preincubating the supernatant for 12 h at different temperature before performing the assay with hide powder azure as substrate. It showed activity along the entire range of 4 to 60°C. It showed maximum activity at 30°C (considered as 100%) (Fig. 4b) . It retained 92.3% activity at 2 and 4°C while it retained 97.4, 90 and 74.4% activity at 37, 40-50 and 60°C respectively. This enzyme could work at high temperature retaining maximum activity and thus was suitable for application in detergent industry.
Attempts were made to determine the nature of the protease by using specific protease inhibitors. It (Fig. 4c) showed complete inhibition of activity upon treatment with PMSF (serine protease inhibitor) while partial inhibition in case of TPCK (inhibitor for proteases having Phenylalanine at the P1 cleaving site), TLCK (inhibitor of serine and other proteases) and Leupeptine (inhibitor of serine and other protease). The results indicate the presence of serine protease which is completely blocked by PMSF. The partial inhibition by Leupeptine and TLCK could be because of insufficient/lower concentration of these inhibitors used. A concentration profile with increasing amount of inhibitor could justify the above statement if complete inhibition is obtained at some higher concentration. The inhibition in case of TPCK points towards the possible presence of Phenylalanine at the position P1 of the cleavage site. It needs to be confirmed further.
β-merceptoethanol was found to completely inhibit protease activity. It could either be due to destabilization of thiol group at the active site and thus preventing the enzyme from binding the substrate. This could otherwise be due to destabilization of the three dimentional structure of the enzyme due to disulphide bond breakdown at other positions resulting in denaturation of the protein and so inhibition of the function. From here at this stage we could just say that it is sensitive to reducing agents. Hydrogen peroxide and Bleach were found to completely inhibit protease activity. Thus these additive could not be used with detergents containing bleaching agents as it is sensitive to free radical generating/oxidizing agents. The effect of nonionizing and commercial detergents on the protease activity was tested. The nonionic detergent completely inhibited the protease activity while with commercial detergent there was 88% activity. Thus the impact of Triton X 100 treatment might have been such that it impairs the function through disruption of the three dimentional structure of the enzyme. The effect of EDTA (Ethylene diamine tetra acetic acid) on the activity of protease was tested with preincubation in the similar manner and a remnant activity of 2% with (Fig. 4d) . Since metal ions are essential for the activity of the enzyme (as it was inhibited by EDTA), the effect of different salts were tested. There was 99.6% retention of activity in presence of 5mM CuSO 4 .5H 2 O, 25% retention of activity in presence of 5mM of NiCl 2 .6H 2 O and Pb (NO 3 ) while complete inhibition of activity for all the rest. Thus the protease is sensitive to metal ions (Fig. 4e) .
Protease as detergent additive: The protease was used in different combinations to check its effect on the cleaning of grease stain. Stained cloth was washed with plain water, plain detergent, only protease and detergent Here cloths of different types and color like blood red silk, white cotton, sky blue and lemon yellow synthetic were used for the trial. The stained (grease) pieces were identically treated with just water, just detergent and detergent with protease for 1 hour and then washed as mentioned above. After drying the cloth pieces were scanned in a densitometric scanner. Y axis represents the % of residual stain post wash as compared to just stained cloth taken as 100%. Det stands for only detergent and Det+Prot stands for wash with detergent containing protease as additive. Stain Cloth represents samples that have not been washed and control represents samples that have been washed only with water. 5f) The shelf life of the detergent additive mixture after 15 days and after 2 months of incubation as indicated by cleaning efficiency are depicted graphically. The efficiency increases on storage up to 2 months and thereafter there is decrease in efficiency with protease, dried and scanned using Quantity 1 software (BIORAD) through densitometric scanning. The intensity of stained cloth was taken as 100% and the residual intensity post wash was monitored. The percentage cleaning was the residual activity subtracted from that of stained cloth (i.e. 100). The result (Fig. 5a) indicates that the protease alone can clean better than just detergent but the best efficiency was obtained on mixing both the detergent and the protease. A time course of incubation of the stained cloth with detergent and additive mixture was done. The stained cloths were incubated for 10min, 20min, 30min, 40min, 50min and 60min before washing and the the results were interpreted as above following densitometric scanning (Fig. 5b) . Maximum cleaning was observed after 60min incubation.
Since the protease was found to work as detergent additive now the next question in hand was to check if it could work similarly for most of the commercially available detergents. This was important to know as the protease was completely inhibited by Triton X 100. Ten different detergents were tried out with all showing satisfactory enhancement of activity. Some of the results are expressed in graphical form in Fig. 5c .
Since the additive works for all types of commercial detergent thus the next approach was to test for different kinds of stains. Stains like grease, burnt mobile, vegetable curry and blood were tested. The combination of detergent with additive worked best in all the 4 cases as compared to plain water or only detergent (Fig. 5d) .
The next attempt was to check the effect of the detergent additive mixture on the color as well as fabric of various kind. The mixture did not affect the color or the nature of the fabric adversely. It was used on Cotton, Silk, Chiffons, Synthetic material, etc. The result of 4 such trials are depicted below in Fig. 5e .
Immobilization of enzyme to inert matrix often increases the stability of the enzyme. Thus protease was immobilized on chalk powder and its efficiency of cleaning was checked. It did not show any improvement in performance [data not shown]. The shelf life of the additive post mixing with the detergent was checked at 15 days interval for 3 months and compared with that of the freshly mixture of additive and detergent ( Fig. 5f and 6 ). There was retension of activity comparable to fresh mixture upto 2 months and there after there was decrease in efficiency.
Three market surveys were conducted with the first two surveys having detergent with only protease as additive. The population covered under the survey were asked to compare the cleaning efficiency of the mixture with that of their existing household detergent both in terms of quality and quantity. The results were expressed as acceptable or non acceptable as represented in Fig. 7a . The mixture worked best in case of steel utensils with least preference for washing. In all four cases majority of the population found it acceptable. The distribution among families of different region and economic status ensured that irrespective of the quality of the water in different regions and irrespective of the quality of the household detergent as decided by the socio economic class, this mixture was acceptable to all. Since the two market survey showed encouraging result, attempts were made at the laboratory for adding lipase along with protease as additive to detergent. The laboratory trial yielded positive result and the third market survey with both protease and lipase used as additive was undertaken. It was found to be much more successful as depicted in Fig. 7b .
Since the enzymes were found to work effectively as detergent additive in all the market surveys, so attempts were made to simplify the process of obtaining additives at the commercial scale. 1% cells of both the type (isolate GZ and BS) were immobilized in calcium alginate separately and the entrapped cells were used as inoculum for twenty rounds of growth. Results indicate that there is increase in enzyme secretion with shaking as compared to stationary condition. This might be due to the variation in dissolved oxygen concentration as evident from the DO measurement (0% under static condition, 57% immediately after shaking and 72% during shaking). The enzyme production was monitored in each cycle and found to be relatively stable throughout the 20 cycles both for static and shaking condition. There cleaning efficiency of both the additives from static as well as stationary conditions Fig. 7 : Graphs representing the acceptability of the enzymes, protease and lipase as additives to detergents as derived from market survey. 7a) Graphs representing the results of market survey with only protease added as additive to detergent. 7b) Graphs representing the results of market survey with protease and lipase added as additive to detergent. In all cases mauve represents acceptable and maroon represents not acceptable (immobilized state) were checked and found to be comparable to that of fresh mixture of detergent and additives from liquid culture (free cells). It is to be noted that the efficiency of cleaning was better under shaking as compared to stationary condition which might be due to higher enzyme production (with activity of enzyme in supernatant under shaking condition as 1 U while that for static as 0.5 U). The comparison of the result of cleaning under free as compared to immobilized condition is provided in Fig. 8 .
CONCLUSION
In this reserch we report for the first time the detection of laundry detergent compatable extracellular protease from a novel bacterial strain showing maximum similarity with Microbacterium luteolum among the cultivable microbes. We also report the presence of detergent compatible extracellular lipase activity from a bacterial isolate showing similarity to Acinetobacter sp as proved by the degradation pattern of coconot oil through GC analysis. Both these isolates are obtained from the unique site of East Calcutta Wetland in Calcutta, India, which happens to be the world's largest dumping ground and treatment site for solid as well as soluble waste covering an area of 12500 Ha.
INTRODUCTION
The potential of waste water fed aquaculture has long been recognized in Asia, and the history of such systems goes back over several centuries [1] . The traditional systems in China involve the collection of human excreta for use as fertilizer for fish culture. Since 1950s the use of municipal waste water has developed rapidly. In Germany scientists have studied waste water fed aquaculture since the late 19 th Century [2] while in India it began around 1930. The Calcutta waste water fish pond system has the advantage of not only the production of fish but also improvement in water quality and reduction of pathogens in the sewage [3] . East Calcutta Wetland (ECW) is a perfect example of wise-use wetland ecosystem where usage of city sewage for traditional practices of fisheries and agriculture is practiced. The wetland ecosystem is a rare example of combination of environmental protection and development management. ECW also happens to be the largest ensemble of sewage fed fish ponds in the world in one place [4, 5, 6, 7] . The tropical regions are more suitable for treating sewage in ponds. Bheri, the flat bottom shallow waste water fed fish ponds, a specialty of the eastern part (mostly West Bengal) of India has been reported to be the best example of integrated resource recovery. Here the waste water is naturally processed and utilized for the cultivation of fishes. After fish cultivation the water is used for irrigation of the surrounding fields and the effluent at the bottom of the Bheri is used as a fertile soil for the same fields. These waste water fed fish ponds are different from the other waste water fed ponds operating in different countries in certain features. The first among these is their shallow depths (50 to 150 cm) and flat bottoms [8] . This ensures that sunlight penetrates evenly to the bottom of the ponds and results in photosynthetic activity within these ponds which is the basis of natural biological purification. There is a drastic reduction in coliform count between the water of the raw sewage canal and the corresponding Bheri.
One of the possible explanations for the purification process operating at Bheri is the alkalinity developed due to processing of the pond bed with lime. This elevated pH is fatal for the coliforms and leads to their reduction. The solar energy that is trapped by a dense population of plankton which in turn are consumed by the fishes may be another cause. The planktons play a significant role in degrading the organic matter. But overgrowth of planktons becomes a problem for pond management since they cause algal bloom. It is at this critical phase of the ecological process that the fish plays an important role by grazing on the plankton. The two fold role played by the fishes is indeed crucial -they maintain a proper balance of the plankton population in the pond and also convert the available nutrients in the wastewater into readily consumable form (fish) for humans. Among the diverse variety of planktons, there are some like the cyanobacteria which produce toxins that are detrimental for fish growth and quality but there are the green algae which are known to facilitate fish growth [9, 10] . Thus the planktons can themselves be classified as useful and harmful from the angle of waste water fed fish production. The fish farmers of ECW have developed such a mastery of these resource recovery activities that they are easily growing fish at a yield which is 2 to 4 times higher than normal ponds at production costs unmatched by any other freshwater fish ponds of this country [11] . On the other hand the sewage fed fish ponds in the tropical neighboring country of Bangladesh are not showing as much production and even the production that is obtained is not consistent.
The pond system at ECW functions in a systematic manner involving five major phases. The first is pond preparation which involves complete draining of the ponds, sun drying of the pond bottom, desilting of silt traps, tilling and repairing of dikes. During this stage there is treatment of the soil with lime which ensures alkalinity of the introduced water. This alkalinity also leads to decreased coliform count. This is mostly in December and January. The second phase is called primary fertilization where waste water is introduced into the Bheri and allowed to undergo natural purification. The pond is stirred intensely to reduce anaerobic conditions in the sediments and promote the development of benthic organisms which would be used as fish feed. This is in the middle of February. The third phase involves fish stocking. This starts in the middle of March. To ascertain the quality of water for fish growth, initially stocking test fish is done in which a small number of fish is stocked as probe species to test water quality. After obtaining satisfactory water quality, proper fish stocking takes place. The fourth phase is that of secondary fertilization in which there is periodic introduction of waste water into the ponds throughout the growth cycle. Sewage is added to the fishpond to stimulate sufficient plankton growth for fish feed. Care is taken to maintain the dissolved oxygen concentration above the threshold level for fish sustenance. The final phase involves the fish harvesting which starts from August and continues to December till the phase one starts. Thus the cycle continues [8] . On the other hand, the waste water fed fish pond (locally called Khamar) preparation at Bangladesh also starts in November and December where once every year the ponds (300 to 610cm deep) are dried, the top layer of soil is removed and the bed treated with lime and potash which is impure form of potassium carbonate mixed with other potassium salts. The water is treated again with common salt and potash in case of any fish disease out break. As feed they add additionally urea, musted cake, rice dust, wheat brain, boiled rice pellet once every week. The fish growth is best between July to September which is followed by harvesting.
This study attempts to analyze the variation in physicochemical as well as plankton profile of the waste water fed ponds bodies from the two countries in order to understand the cause for the variation of fish production. It would also involve comparison of the fresh water ponds with waste water fed fish pond from India to understand the relation between the water source and the other parameters, if any. This study intends to look for biomarkers, if any, as quality indicator for fish production in such ponds.
MATERIALS AND METHODS
Collection of water sample: The water samples were collected in sterile plastic containers from a depth of 1.5 to 2.0 cm below the surface of the water and transported to the laboratory for further analysis at 4 o C. Samples were collected from four different Bheris at ECW (from India) namely Captain Bheri, Natar Bheri, Nuner Bheri (No.-1) and Charakdanga Bheri; four different Khamars (from Bangladesh) namely: Bawniabad Dhigi 1, Bawniabad Dhigi 2, Bawniabad Dighi 3 and Gulshan Lake as well as four rain water ponds from New Barrackpur, India, a site distant from ECW and thus no way related to Bheri. In addition two other rainwater ponds from India, one from Salt Lake (Central Park Pond) which is close to ECW and another from Ichapore which is further away from New Barrachpur were taken in order to avoid any artifact in the study by ensuring wide spread distribution. Being spread over a large region, thirty aliquots of water samples were collected from different parts of each Bheri and the rain water ponds. This approach estimates the number of FC colonies present. The DIFCO dehydrated mFC Broth base, BDH Agar powder and rosalic acid were used to make the culture medium in 50x12 mm disposable plastic petri dishes. The filtered volumes were determined based on pre-testing of several decimal volumes of a few samples from the first 2 batches of every survey. The petri dishes were placed in an incubator for 24 hours at 44.5 o C. The colonies produced by fecal coliform bacteria on mFC medium in various shades of blue color were counted. Then the counts were calculated according to the dilution factor and reported as Colony forming units per 100 ml. Saturation study: Water in each falcon was mixed by inversion and 20µl was observed under the light microscope. The number of observation and the different varieties of microscopic bodies (plankton) observed were noted and a graph was plotted with number of observation on the X axis and the total number of newer varieties observed with each observation on the Y axis. The curve indicates whether saturation in screening the diversity has been obtained as had been shown earlier for a different system [12] . It was done for each water body. Plankton diversity study: Water from different water bodies as mentioned above, were observed under 40X magnification (Phase contrast) of Axiostar Plus fluorescence microscope from Zeiss for identification of different planktons existing there. The different varieties were monitored and identified. The count for different plankton species was taken with haemocytometer.
RESULTS AND DISCUSSION
Saturation Curves: The number of planktons were counted and thirty independent sets of observations were taken. When the number of observations was plotted on the X axis and the number of total new varieties observed till a particular observation on the Y axis for each water body, a saturation curve was obtained (Fig 1) . This clearly depicts that the screening was adequate and that no further observation for understanding the diversity was needed. Water quality improvement: Water flows from the Raw sewage canal to the Bheri. A comparison of the profiles of the the two indicates a sharp decrease in coliform count, slight decrease in the conductivity and a slight increase in DO in the Bheri as compared to the corresponding Raw Sewage Canal ( Table 1) . The results indicate purification of the water in the Bheri.
Further the similar parameters were compared among the different water bodies from the two countries (data not shown). There was no major variation in the different physicochemical parameters that were monitored among the different sites that could emphasize the variation in fish production or could act as marker for indicating the fish producing ability of a water body.
Plankton Diversity: The different water bodies were analyzed for their total plankton count per milliliter of water, number of total varieties found in each and the total number of useful (from the point of fish growth) varieties of Plankton found per milliliter of water for each ( Table 2 ). The useful varieties were determined from the existing literature [9, 10] . The Bheries are known for their fish production for more than 70 years now and are showing the highest plankton count (both total as well as useful). The rain water ponds show moderate fish production. Gulshan Lake shows good fish production most of the time including when the sampling was done. It is reflected in its count of useful plankton mL 1 . Bawniabad Dhigi 1 shows better production of fish among the water bodies in Bawniabad with Bawniabad Dhigi 3 as the intermediate producer and Bawniabad Dhigi 2 as the worst among them. In all cases these produce much less fish than the Bheris. This is clearly reflected from the useful plankton count mL 1 in these water bodies. Plankton diversity in Bheri-putative role in bioremediation: A wide variety of planktons are observed from the analysis of water from different Bheris as well as from rain water bodies. The main aim was to find out the relation, if any, between the existence of differential number of the planktons and their bioremedial activity in the water bodies. The bioremedial function for the planktons observed in these bodies as reported by previous studies are listed in Table 3 [13, 14, 15, 16, 17, 18, 19] . As evident from above studies, planktons have a major role in bioremediation. Several studies have put forward the active role of Chlorella
